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Description 

The present invention relates to vitamin D derivatives of Formula (I): 



is 




(I) 



atoms that may or kfSTj tttaS::: ST alky ' grOU P havin ° 1 to Scarbon 
25 group having 1 to 3 carbon atoms), P roWdedTh« the S n 9 „ , a ™"° group or a lower alkylamino 
bond when X is the group of the formula OR T^h I w a ? m at 2 °-P° siti °n is linked to X by a single 
of the formulae P mU ' 8 ° R4 ' and bv 8 doub,e bond °»her cases, except the compounds 



30 




H0 . HO 




metabolites of vitamin D 3 . and rsyntheiic VnakS tteMf^lJ^Z^**™" D *<° ne °f the natural 
activities of istestinal calcium transDortanrih^ aS 1a - hvdrax y v,t amin D, have strong 

desirable activities such as strnnn nmJ^- f? 82 ^ 1 ? 81 .'- Al *°"9h these vitamin D 3 derivatives have 
calcium ^SbS^ny^^^^^ 1 ^" 9 a t b J lity ' they a,so P resem st ™3 effects on 
these vitamin D 3 S^artves are notTdeal , ?S6 ' they may paUSe hypercalcemia. Therefore, 

,u ? mia, the treatment re ^^^^^^^^^^ 
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20 



25 



35 



40- 



45 



include 2,3-dimethylbutyl and 3-methvlbutvl arou^ ^carbon atoms - and preferred examples 

desir ed position. The lower ^ f. hydr0Xyl 9rou P * a 

alkyl group having 1 to 5 carbon i atoms and preferred Lamotls Su ^" ° r b ™~hed-chaln 

groups which may be substituted by one or SZ&t^." 0bu,, t pr0pyl ' meth V' and 
alkylamino having 1 to 3 carbom atoms P selected from amon 9 hydroxy!, amino and lower 

wh ic ^y P v ^ and may be produced by processes 

Formula („ are hereunder described In^'t^S^^r^ IZESF" 9 *" C ° mP ° UndS ° f 

(A, p r re^^& 

conditions in carbon tetrachloride £ the S^JT N-bromosuccinimide under reflux 
aehydrobrominated by reaction with colHd^Tn ^.T" ° ™. " "X?_ r 2'"^«! rt » n ««- ««atB is then 
with potassium hydroxide in methanol to prJl^^JS^E^^l^' 9 "^^^^ is h V dr °lyzed 

By these procedures. 30-hydroxy-9 10-seco-l 7 infJS ' *" V" 6 " S °' Vent f ?"°wed by heating in a solvent, 
compound 2 may be treated bvthe ~J n P re 9 n atnen-20-one (compound 2) is obtained This 
AppHcation Nos. y 13 585",9 8 ? y ^ 

whereby 1^3P-dihydroxy-9,10-s e co-5 r 7"oS Pr e^ 9 hyd ™ t >? 9 rou P at ^-position, 

compound 3 may be reacted with hvdroxv amin^hC? 2', ^° ™ (compound 3) is obtaioned. The 

9,10.seco-57,10(19)-pregnatrfe^^^ 20-hydroxyimino! 

Procedures are within the scope of ttopriwlnvSSS, C ° mp ° Unds 2 < 3 and « obtained by these 

introduc^e^ dihydropyran In the presence of an add cata.yst to 

hydrochloride in pyridine to taMhl * resulting compound is reacted with hydroxyzine 
(compound 5). Alternative^ a ^dro^im?™ * ^-^IT^ 

position without Protection^ into the impound 9 ! at 20 

3P-o. (compound 6) is obtafned. cCound^Tand rea"^ 

R r-2 (where R' 6 is the same as R s except for a hvdrooen agent of the formula 

attractive group such as p-tosyloxy) in the present of a hlT' Z .' S \ ha ° 9en atom or an e 'e«ron 
pregnadien-30-o, of Formula (1$ cor^r^nT^miurSor'S-" ° Dtain 3 ^^'oxyimino-^- 




UI) 



so 
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y^W^&iSi$gZX ^ced^rarr " ^^pyr^ group. The 

b— t. may ds replaced by an alkyloxirane compound of Formula (III): 

/ V ^ ? (III) 

-We.^^^ 

the oxirane ring, (f, for example, S«hSffKil£!" ^ the J esu,tin 9 anion will attack 
R 7 end R 8 are a methyl group, 20-(2-hvdrnw V^, h ?, Ith ,? n a 'M°xyirane of Formula (III) where both 
pregnadiene (compound 7) isobtain^^ 

group is obtained. This compound is then reactPri .liL?. ^ P , Pyl 9roup and R ° is 8 2-tetrahydropyranyl 



4 



25 



30 




THPO (II _ a) - - - 

THPO (II-b) 

Whe n,r^ S m 3 '° W !, r a l r y ' 9r ° Up; and THP is a 2-tetrahydropyranyl group 

~PO^-E£ (.,-a, and ( „- b)] is 

Formula (I) where R s is a substituted or unsub S «^ nw^ ^ i ' 10 ^ e ^ 7 ' 1 °i^hp n g nat ri m ^ ol of 
such that R e is protected b^^^^SXi^i^^l COmpoun t d ° f F °"™'* <»> '« 

reacted with a lower alkyloxyamineTpifiTd I by methl^!^T c ? h mpoun ? (impound 3) is directly 
seco-5,7, 1 0(19). P regnatrie„eX,3pJioTof^ 

orunsubstituted lower alkyl group .may beob^ined Send enm™ V H 0 ll 9rOU P and R * is 8 s "bstituted 
be obtained by carrying out The reactions de^nbed Sov ST "hIh *"? PreSent inV6nti0n mav a,so 
being protected by a suitable group. aescn ° ea above < w.th the hydroxyl group at 1a- or 30-position 

(B) Process starting from pregnenolone- 

™£S%^£^^r*" ° f DV9eS 61 ^ [SCe J -°- C - 1590 < 197 *» ^ form an ether 



35 



40 



45 



R io° 




O-R' 



group at 30-position is so converted as to make 3E l-aceto™ ?n n £ 'J he P rote( * ,ve Sroup for the hydroxyl 
subjected to bromination at7- P osition mdS^XSSStS^^^ nBMnB ' Which isthen 
by customary techniques to obtain a vitamin DderivXteXtluZ resu ' tm 9 Provitamin D form is treated 
the scope of the end compound of the SZS, 9 f ° rmU ' a Whi ° h is inc '"ded within 
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O-R* 



H0- 

{C) nT? Sta ^ in9 from de ^ydroepiandrosterone: 
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O 



OR 



10 



*10 




(IV) 



25 
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AcO 



(VII) 



AcO 




(IX) 



(X) 



HO 




(XI) 



6 



to 
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The compound (VIII, is converted to a 
Nos. 19752/1976 and 84555/1975 E^mS^ThT. Unexa ™ ned P"bhshed Japanese Patent Application 
followed by addition of 4-pheny, ^Mb^Zsb^T^ w 7 -P osition a " d dehydrohalogenation, 
The provitamin D 3 compound (X) is subiected^'f cl and r ? duct,on with lithiur " aluminum hydride 
isomerization to produce a compound (X^whlch is fXTT ° f * x P° sures to ^ radiation and thermal 

(C-2): A compound of ^u^ } ^ ^ PWmlm ^^ 

brominationat7-positionanddehydrobromTnat on Thir«„,^ ^'Tw^^' group is objected to 
androstadien-17-one (compound 8) isluEed to^ 

compound (V) from (IV) in the pToceJs El ?he resu^SH eaCt,0n 38 1*? C3Se of co "versfon to 
the starting material and subjected to the fo.Kving ^riSon^ com P°""d (compound 9) is used as 
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O-R' 



(XII) 



HO 




O-R' 



(XIII) 



WhB |n ISrl^n^''^^' 9r0Up; and "' 4 is same as defined above 
comp^^ 

elimination of the hydroxyl-protectino awl Ztl ?^J? 1 " andtn8rmal isomerization, followed by 
whereby a vftamin D dertoti^ fluoride or trifluoroacetic acid! 

obtained. The compound (10^3^^ * e SC ° P J ° f the P^sent invention is 
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15 



35 



40 



45 



50 





where Y is the same as defined above. 

> reacted with tert-butyldimethylsilyl chloride in the presenS reSU ' tm9 com P° und « is 

hydroxy! group at 1a- and 21-positions is protected Co^fnH \% V° f °T com PO"" d M where the 
invention- may be obtained by «^^SS^i^^u^^ W ^ n ^ B9W ^^^^ 
converting compound 10 to compound 1? in the SStc 2 H?«*?«^.u react,on 38 h em P'°y* d for 
wrfhsod.um borohydride, compound 1S which 6 ^^^^3&~ 

t^^^^^ " with m-ch.oroperbsnzoic 

of compound 20 to compound 21 and Dreoaratiorfn! of c °^P° und 1 » to compound 19, conversion 
hydroxy, group at 21-position may "b 1 Z^££J^» m ' M >''« 17 b * Protecting the 

described above. y tne same Procedures as employed in the scheme i) 

Pharmacological Effects: 

F.coll PFC assay described in the foHowfng ^oerimen^ d^'^T Z° aSSay and the anti ' D ^' 

calcium metabolism are also described blloX E *Penmental data for the effects of the compounds on 

(1) NBT reduction test 

.eu^f^ HL-60 ce „s (human promyelocyte 

invention. The cultured cells were pnwIpEi^SSrffa^n^? T** COm P ounds of the present 
cells were resuspended in an RPMI-1640 'medium Tthat ?K.2$, a ? er removing the supernatant, the 

TPA (12-0-tetra-decano y iphorboM3-acet«e 100 flS'' 8 ?-^ ( " itr ? b,ue tetra *>lium. 1 mg/ml) and 
amount of 100 ul. AI^'ttvI^^^SS^toTSS 0 E^m , ?'£' n, ? — " ° f h ° leS in an 
dropped to the bottom bv centrifuaatinn i i„h», * ' ncuba tor < 37 c > for 20 minutes, all the cells were 

of celis within a ^JSEEu%E& l^S^So - " T" mic , roSCOpe ' the totaTnumber 
blue with the water-insoluble formazan that formed „nl ? h <°" P °, S, !! ve cells fthose wnJch w ere stained 
The differentiation inducing Sm^^tSX^^^^L^ yeUow NBT ' werecounted 
reduction positive cells/total cMn^^T^^^^^^ , "^ m . terms of <"^ber of NBT 
macrophage. The results are shown in Table 1 wherein ?E ! S marker of the norma > 

present invention correspond to the number! oi i thP P«mli! " ur " ber u ass '9ned to the compounds of the 
also appties to Tables 2 to 19 numbers of Examples to be shown later in this specification. This 
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Table 1 



15 



20 



25 



Compound No. 


Dose (M) 

— ■ '- 


rercentage of the number 
of NBT reduction positive 
i-trxis imean + s.D.) 


control 




\ 3% 


1 a, 25-dihydroxy 
vitamin D 3 


lO- 9 
10-8 


9.2 + 0.7 
82.4 + 4.2 


2 


10-6 
3 x 10~6 


74 .6 + 3.6 
>95 


9 


10-7 


>95 


11 


10-5 


> 90 


12 


10-5 


>90 


15 
16 


10-6 

10-6 
10-5 


>90 

22.1 + 6.6 
87.8 + 1.5 


17 


10-9 . 
10-8 


64 .1 + 4.2 
>95 



AO 



45 



SO 



55 



Immunization schedule: 

adm?£^ immun^d by intraperitonea( 

compounds of the present invention dissolved in ?middh SI ^ oncen ^'°n <0.2%/0.2ml/head): Selected 
to the m,ce both immediately after tt^T^^^Sg^^^ were administered oral? 

Assay: 

i) Preparation of target cells- 

ii, PFc'essay": ^ WaShSd SRBC W6re added into rn a concentration of 4 0 o/ 0 . 

P^fScou^ A single ce,, suspension was 

dned complement available from Denka Seiten *An ntimate X V^i P ~ epared bv dilutin 9 »*>*>M a 
Sfn„ M n- th ! Sp ' een ce " ^pension (200 u?) wa™ ?r^^«^ R ? C u^ M,, '* ocom P |e "»« 
Cunnn.ngham chamber, where it was incubated i^iCTES, 5j™ £ PUt into a 

iiij Results: 



65 
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Table 2 




*>) P < 0.01 
Table 3 



c) P < 0.001 



Dose 
(pg/K g) 

Number of 
animals 

Total number of 
spleen cells 
(x 107) 



MCT only Compound No. q 0 



PFC/Spl 



een 



PFC/10 6 cell; 



18.0 + 0.7 



0. 01 
6 

17.1 + 0.7 



5960 + 1226 6940 + 640 



33.4 +6.8 40.6 + 3.2 



a) P < 0.05 



0.1 

6 



15.2 +1.5 



FT 

10547 + 1145 



70.6 + 6.2 



n 
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Table 4 





MCT only 


Compound No. 11 


Dose 
ipg/Kq) 


■*■* 




JL . U 


Number of 
animals 


6 


6 


6 


Total number 
of spleen cells 
(x 10 7 ) 


19.6 + 0.7 


17.3 + 1.2 


18.2 + 1.4 


PPC/Spleen 


8958 + 908 


c) 

15502 + 940 


b) 

15823 +2148 


PFC/10 6 cells 


45.7 + 4.5 


c) 

90.6 + 4.6 


a) 

89.6 + 15.8 


a) P <. 0.025 b) P < 0.01 c) P < 0.0005 

Table 5 




MCT only 


Compound No . 12 


Dose 
(pg/Kg) 




0.05 




Number of 
animals 


6 


6 




Total number of 
spleen cells 
(x 10?) 


17.55 + 2.5 


15.98 + -4.0 




PFC/Spleen 


3940 + 927 


a) 

5647 + 1648 




PFC/10 6 cells 


22.27 +6.0 


a) 

39.00 + 19.4 





a) P < 0.05 
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Table 6 





MCT only 


Compound No. 13 


Dose 
(pg/Kg) 




U • 2 


1.0 


Number of 
animals 


4 


5 


6 


Total number 
of spleen cells 
(x 10 7 ) 


19.6 + 1.8 


18.1 + 1.2 


16.4 + 0.8 


PFC/Spleen 


4860 + 1236 


8712 + 1552 


5063 + 890 


PFC/10 6 cells 


23.9 + 4.2 


a) I 
47.9 + 7.9 


30.4 + 4.2 


a) P < 


" : ' 1 

0 . 05 

Table 7 




MCT only 


Compound No. 14 


Dose 
(pg/Kg) 




10.0 


1.0 


Number of 
animals 


6 


6 


6 


local number of 
spleen cells 
(x 10?) 


19.6 + 0.7 


18.1 + 0.7 


18.8 + 1^2 


PFC/Spleen 
PFC/10 6 cells I 
a) P < O.05 


8958 + 908 
45.7 + 4.5 

b) P < 


16490 + 1762 
90.7 + 8.1 
0.005 c 


10646 + 844 
a> 

57.2 + 4.4 
) P < 0.0005 



13 
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Table 8 


5 




MCT only 


Compound No. 15 




(/ig/Kg) 


- 


0.2 


1.0 


10 


Numhpr r\ f 

animals 


4 


6 


6 


15 


Auwi JiuniDer of 
spleen cells 
(x 107) 


19.6 + 1.8 


15.9 


a) 
+ 0.7 


16.8 + 0.8 


20 


PFC/Spleen 


4860 + 1236 


9087 


b) 
4 561 


3110 + 425 


25 


PFC/10 6 cells 


23.9 + 4.2 


55.3 


c) 
+ 3.1 


19.1 + 3.2 




a) P < 0.1 


b) P < 0.01 


c) P 


C 0.001 



30 



35 



45 



50 



(3) Anti-DNP-Rcoll PFC assay 
Immunization schedule: 

ad^Son^D^X "mnjintad by intraperitoneal 

present .nvention dissolved in MCT were S^ni2SoSl^^„ MW, • 9 ^ , ■ Se ' eCted com POunds of the 
nght after the primary immunization and eXg "one *v Sore 8 Pe " 0d ° f 5 dayS Starti "9 
Assay: 

i) Preparation of target cells: 
») PFC assay: 

counMhftS Sm^of^ A Si " 9 ' e ?" «P-»ton was prepared to 

complement available from Denka Se ken AnT ir^lt W ff pre P ared b V dilution of a dried 

complement (25 M l» and ^^^2^^^^^°^" * 4 °, % DNp -BSA-SRBC (25 ul) he 
Cunningham chamber and ^cuba^d'^ put i'nto 1 

iii) Results: 
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Table 9 



Dose 
(^g/Kg) 



MCT only 



Compound No. 2 



0.01 



0.1 



Number of 
animals 



Total number of 
spleen sells 
(x 10 7 ) 

PFC/Spleen 
PFC/10 6 cells 



13.0 + 0.8 

143300 + 3800 
1124 + 68 



12.6 + 0.7 



a) 

123900 + 6300 



990 + 57 



11.3 + 0.5 



a) 

120400 + 7500 



.1068 + 63 



a)' P < 0.025 



Table 10 



Dose 



MCT only 



Compound No. 6 



0.01 



0.1 



Number of 
animals 

Total number of 
spleen cells 
(x 10?) 



PFC/Spleen 



PFC/10 b cells 



9.6 + 0.6 



10.2 + 0.4 



8.9 + 0.3 



150200 + 10200 



1577 + 99 



a) 

87300 + 5500 



857 + 62 



a) 

76600 + 6300 



868 + 76 



a) 



a) P < 0.001 
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Table 11 





MCT only 


Compound No. 11 


Dose 
(pg/Kg) 




0. 01 


ft i 

W.J. 


Number of 
animals 


D 


6 


6 


Total number of 
spleen cells 
(x 10?) 

PPC/Spleen 
PFC/10 6 cells 


14.1 + 0.6 

141700 + 10900 
102.3 + 116 


14.5 + 0.5 

99600 + 9800 
aT 

686 + 63 


13.8 + 0.9 
c) 

90000 + 5500 
662 + 52 



c) P < 0.005 



Table 12 





MCT only 


Compound No. 15 


Dose 
(fig/Kg) 




1.0 


10.0 


Number of 
animals 

Total number of 
spleen cells 
(x 10?) 


5 

13.1 + 0.7 


5 

11.3 + 0.8 


5 

10.5 + 0.7 


PPC/Spleen 


125600 + 12600 


127800 + 11400 


a) 

72400 + 6400 


PFC/10 6 cells 


959 + 75 


1174 + 195 


a) 

687 + 31 



a) P < 0.005 



16 



EP 0 184 112 B1 

(4) Effects on calcium metabolism 

i) Single administration: 

Diet Ti a !fnH S M r3 V 6 ? aV 2 By 'V in 9roups each cons isting of 6 heads weighing 45-50 g were fed 

method descnbed m Am. J. Cl.n. Path., 45. 290 (1966) and Biochem. J., 65, 709 (1957) V 

ii) Continuous administration for 5 days- 

iii) Results: 

show the results Sr^^^ ^ " ^ « 



Table 13 (i.v.) 



Dose 


plasma calcium 
CMean+S.D.) mg/dl 


plasna inorganic 
phosphrous 
(Mean+S.D.) mg/dl 


Cbntrol 
EtOH 


0.5 itd/Kg 


4.598 + 0.235 


6.956 +1.024 


Compound 
No. 11 


12*5ug/0.5ml/kg 


a) 

4.977 + 0.147 


6.663 + 0.700 


125^/0. 5ml/kg 


a) 

5.128 + 0.324 


6.742 + 0.797 


lor-OH«D 3 


6.25pg/0.5mlAg 


b) 

6.125 + 0.198 


6.102 + 0.468 


25-OH»D 3 


6.25ug/0.5ml/kg 


b) 

6.468 + 0.258 


6.047 + 0.506 



a) P < 0.05 



b) P < 0.001 
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Table 14 (i.v.) 





Lose 


plasrvi calcium 
(Mean+S.D.) n^/dl 


plasma inorganic 
phosphrous 
(Mean+S.D.) mg/dl 


EtOH 


0.5 ml/kg 


5.057 + 0.543 


7.537 + 0.768 


Kb. 14 


12. 5/^/0. 5ml/kg 


5.517 + 0.288 


7.605 + 0.878 


125pg/0.5ml/]{g 


5.633 + 0.376 


7.497 + 0.493 


lo-CH-D 3 


6.25pg/0.5ml/kg 


a) 

7.095 + 0.479 


7.893 + 0.603 


25«0H-D 3 


6.25pg/0.5ml/kg 


a) 

6.778 + 0.473 


7.753 + 0.735 


a) P < 0.001 

Table 15 (i.v.) 






Dose 


plaaTB calciun 
(MearHS.DJ mg/dl 


Plasra inorganic 
phosphrous 
(Mean+S.D.) mg/dl 




Control 
EtOH 


0.5 ml/kg 


5.242 + 0.653 


8.292 + 1.824 


Compound 
Nd. 15 


12.5pg/0.5mlAg 


. 5.035 + 0.506 


8.227 + 1.046 


125pg/0.5ml/kg 


5.147 + 0.528 


7.767 + 1.392 


la-OH-D 3 


6.25pg/0.anlAg 


a) 

7.037 + 1.282 


a) 

6.192 + 0.607 


25-OT-D 3 


6. 25^/0. 5ml Ag 

- ; L 


a) 

5.928 + 0.240 


7.852 + 0.738 



a) P c 0.05 
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Table 16 (i.v.) 





uose 


plasra calciun 
(Mean+S.D.) mg/dl 


plaana inorganic 
(Mean+S.D.) mg/dl 


Control 


0.5 mlAg 


4.933 + 0.260 


7.297 + 0 QflQ 


Compound 
16 


12.5pg/0.5raAg 


4.698 + 0.250 


7.095 + 0.531 


125^g/0.5mlAg 


a) 

4.552 + 0.280 


7.485 + 1.009 


la-0H-D 3 


6.25pg/0.5ml/kg 


b) 

5.990 + 0.458 


6.837 + 0.615 


25-<««.D 3 


6.25^g/0.5ml/kg 


b) 

6.947 + 0.549 


7.102 + 0.623 



a) P < 0.05 b) P < 0.001 

Table 17 (i.v.) 





DDse 


Plaana calciun 
(Mean+S.D. )ing/dl 


Plasma inorganic 
phosphrous 
(Mean+S.D.) mg/dl 


Control 
EtCH 


0.5 ml/kg 


5.092 + 0.222 


9. 112 + 0.884 


Oonpound 


12.5pg/0.5ml/kg 


a) 

4.535 + 0.214 


, W 
7.815 + 0.595 


to. 17 


125pg/0.5ml/kg 


4.947 + 0.404 


8.790 + 0.562 


la-OH-D 3 


6.25pg/0.5ml/kg 


c) 

6.353 + 0.334 


8.228 + 1.525 


25-OH-D 3 


6.25^jg/0.5ml/kg 


c) 

6.542 + 0.285 


b) 

7.397 + 1.274 



a) P < 0.01 b) P < 0.05 c) P < 0.001 
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Table 18 



5 








Dose 


plasna calcium 
(Mean+S.D.) mg/dl 


10 










single administra- 
tion (i.v.) 


continuous admini- 
stration (p.o.) 




Control 




4,788 + 0.181 


5.158 + 0.230 


15 




Gxroourri 


12.5ug/0.5ml/kg 


4.613 + 0.327 


5.014 + 0.182 






to. 2 




125ug/0.5rnl/kg 


a) 

4.500 + 0.114 


4.902 + 0.226 


20 




25-OH-D- 


2.5og/0.5mlAg 


c) 

5*800 + 0.300 


a) 

5.596 + 0.279 










12,5ug/0,5craAg 


c) 

6,196 + 0.356 


w 

5.971 + 0.410 


25 




a), P < 0. 05 b) 


P < 0.01 c) 


P < 0.001 


30 










Table 19 




35 


Dose 


plasma calciizn 
(Mean+S.D.) mg/dl 


single administra- 
tion (i.v.) 


continuous admini- 
stration (p.o.) 


40 


Oontrol 




5.192 + 0.193 


4.620 + 0.195 




Compound 
to. 4 


12.5ug/0.5inl/kg 


5.147 + 0.225 


4.956 + 0.587 


45 


125pg/0.5ml/kg 


a) 

4.903 + 0.146 


4.713 + 0.185 






2 . 5pg/0 . 5ml Ag 


to) 

6.010 + 0.270 


a) 

5.220 + 0.484 


50 




-3 


12.5^/0. 5ml/kg 


b) 

6.390 + 0.330 


b) 

6.567 + 0.563 


55 






a) P < 0.05 


b) P < 0.001 





Example 1 

a) Preparation of 3P-hydroxy-5,7-pregnadien-20-one 

Pregnenolone acetate (15.0 g) was dissolved in 100 ml of carbon tetrachloride, and after addition of 

60 8.95 g of N-bromosuccinimide and 8 g of a finely powdered sodium bicarbonate, the mixture was refiuxed 
for 30 minutes. After cooling, the reaction mixture was washed with water and dried, followed by the 
distilling off of the solvent under vacuum. The yellow solid residue was dissolved in 100 ml of xylene and 
after addition of 4.5 ml of collidine, the solution was refiuxed on an oil bath for 1 hour. After cooling, ethyl 
acetate was added to the solution and the mixture was successively washed with water, dilute hydrochloric 

65 acid, water and an aqueous solution of sodium bicarbonate. The washed solution was dried and the solvent 
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was distilled off under vacuum. The residue was dissolved in 100 ml of methanol under heating. After 
cooling, 4 g of potassium hydroxide was added to the solution, which was then stirred for 4 hours at room 
temperature. The resulting white precipitate was filtered off. After washing with methanol, the filtrate was 
freed of the solvent by vacuum distillation, whereby 6.46 g of a crude product of the desired 5 7-diene 
compound was obtained. 

UV spectrum Ag° H (nm): 293, 280, 270, 262 (sh) 

b) Preparation of 2O-hydroxyimino-5,7-pregnadien-30-ol 
The crude 3p-hydroxy-5,7-pregnadien-20-one {1 .3 g) prepared in a) was dissolved in 30 ml of pyridine 

and after addition of hydroxylamine hydrochloride (863.2 mg), the solution was stirred for 5 hours at room 
temperature. After distilling off the pyridine under vacuum, methanol was added to the residue and the 
precipitating crystal was collected by filtration to obtain 1.04 g of the desired oxime compound 
m.p. 216— 218°C (recrystallized from ethanol) 

c) Preparation of 20-(2-methylpropyloxyimino)-5,7-pregnadien-3P-ol 
A portion (152.2 mg) of the 20-hydroxyimino-5,7-pregnadien-3p-ol obtained in b) was dissolved in 10 

ml of dry dimethylformamide, and after addition of 50 mg of sodium hydride (60% in oil), the mixture was 
heated to 40— 50°C and stirred at room temperature for 30 minutes. To the mixture, 0.2 mf of isobutyl 
bromide was added and the resulting mixture was stirred overnight at room temperature. Ether was added 
to the stirred mixture, and the organic layer was washed and dried, followed by the distilling off of the 
solvent under vacuum. The residue was subjected to silica gel column chromatography and eluted with 
chloroform. The desired fractions were collected and the solvent was distilled off under vacuum to produce 
102.4 mg of the desired oxime compound (as needles), 
m.p. 148— 150°C (recrystallized from methanol) 

NMR 6{CDCI 3 >: 0.60, 0.86 (each 3H, s). 0.97 <6H, s>, 1.82 (3H, s), 3.20—3.90 (1H, m), 5.47 (2H, q, J=Hz) 

d) Preparation of 20-(2-methylpropyloxyimino)-9,10-seco-5,7,10(19)-pregnatrien-33-ol 

The 20-(2-methylpropyloxyimino)-5,7-pregnadien-3|3-^l (102.4 g) obtained in c) was dissolved in 400 ml 
of ethanol of guaranteed quality. While an argon gas was bubbled through, the solution was irradiated 
under a 400 W high-pressure mercury lamp for 7 minutes with ice-cooling. The solvent was distilled off 
under vacuum and the residue was dissolved in 5 ml of anhydrous tetrahydrofuran (peroxide-free) and the 
solution was refluxed for 1 hour. After cooling, the solvent was distilled off under vacuum and the residual 
oil was subjected to column chromatography using Sephadex LH-20 (Pharmacia Fine Chemicals) and 
eluted with a 65:35 mixed solvent of chloroform and hexane. The desired fractions were collected and the 
solvent was distilled off under vacuum to obtain 26.8 mg of the end compound as an oil. 

UV spectrum A££ H (nm): 264 

Mass spectrum (m/e): 385 (M + ) 

Example 2 

a) Preparation of 20-hydroxyimino-3P-(2-tetrahydropyranyloxy)-5,7-pregnadiene 

cn Two grams of the crude 3P-hydroxy-5,7-pregnadien-20-one obtained in Example 1a) was suspended in 
50 ml of dry dioxane, and after addition of 1 ml of dihydropyran and 0.1 g of p-toluenesulfonic acid the 
suspension was stirred for 3 hours at room temperature. Chloroform was added to the yellow clear reaction 
mixture, which was then washed with an aqueous solution of sodium bicarbonate. The mixture was 
washed with water and dried, and the solvent was distilled off under vacuum. The residue was dissolved in 
5 ml of pyridine, and after addition of 1 .33 g of hydroxylamine hydrochloride, the mixture was stirred for 3 
hours at room temperature. Chloroform was added to the reaction mixture and the organic layer was 
washed with water and dried. The residue left after distilling off the solvent under vacuum was subjected to 
silica gel column chromatography and eluted with chloroform to obtaion 1.17 g of the desired oxime 
compound as a pale yellow solid. 

NMR 5 (CDCI 3 ): 0.59, 0.95 (each 3H, s), 4.78 (1H, m), 5.33, 5.53 (each 1H, d, J=6Hz) 

b) Preparation of 20-(2-hydroxy-2-methylpropyloxyimino)-5,7-pregnadien-3p-ol 

A portion (606 mg) of the 20-hydroxyimino-3p-(2-tetrahydropyranyloxy)-5,7-pregnadiene obtained in 
a) was dissolved in 10 ml of dry dimethylformamide, and after addition of 100 mg of sodium hydride (60% 
in oil), the solution was vigorously stirred for 30 minutes at room temperature. After addition of 0 5 ml of 
isobutylene oxide, the mixture was heated on an oil bath (80— 100°C) for 1 hour. After cooling, diethyl ether 
was added, and the mixture was washed with water and dried, followed by the distilling off of the solvent 
under vacuum. The residue was subjected to silica gel column chromatography to obtain 271 mg of 20-(2- 
hydroxy-2-methylpropyloxyimino)-3p-(2-tetrahydropyranyloxy)-5,7-pregnadiene. 

NMR 5 (CDCI3): 0.58, 0.92 (each 3H, s), 1.22 (6H, d, J-5Hz), 1.86 (3H, s), 4.70 (1H, m), 5.20—5.80 (2H, m) 
The oximether obtained above (271 mg) was dissolved in 30 ml of methanol and after addition of 1 g of 
Amberlist (product of Rhom and Haas), the mixture was stirred for 1 hour at room temperature. After 
filtering off the Amberlist and washing with methanol, the filtrate and the washings were combined and the 
solvent was removed by a rotary evaporator. The residue was subjected to silica gel column 



21 



EP 0 184 112 B1 

chromatography and eiuted with chloroform containing 5% methanol, whereby 111.4 mg of the desired 
oxime compound was obtained. 

m.p. 187—189° (recrystallized from methanol) 

UV spectrum A®™* (nm): 294, 282, 270, 262, 253 <sh) 

c) Preparation of 20-(2-hydroxy-2-methylpropyloxyimino)-9 / 10-seco-5,7 / 10(19)-pregnatrien-3p-ol 

The 20-(2-hydroxy-2-methylpropyloxyimino)-5,7-pregnatrien-3p-ol (111.4 mg) obtained in b) was 
dissolved in 400 ml of ethanol of guaranteed quality. While being bubbled through with an argon gas, the 
ice-cooled solution was irradiated with a 400 W high-pressure mercury lamp for 7 minutes. After distilling 
off the solvent under vacuum, the residue was dissolved in 5 ml of anhydrous tetrahydrofuran (peroxide- 
free), and the solution was refluxed for 1 hour. After cooling, the solvent was distilled off under vacuum, 
and the residue was subjected to silica gel column chromatography eluting with chloroform containing 3% 
acetone. The fractions containing the pure end compound were collected and the solvent was distilled off 
under vacuum to produce 11.4 mg of the desired vitamin D derivative as an oil. 
UV spectrum (nm): 263, 213 

Mass spectrum (m/e): 401 (M + ) 



Example 3 

Preparation of 20-hydroxyimino-9,10-seco-5,7,10(19)-pregnatrien-3p-ol 

The 20-hydroxyimino-5,7-pregnadien-3p-ol (118.4 mg) obtained in Example lb) was dissolved in 400 
ml of ethanol of guaranteed quality. While being bubbled through with an argon gas, the ice-cooled 
solution was exposed to radiation from a 200 W high-pressure mercury lamp through a Vycor glass filter 
for 8 minutes. After the irradiation, the solvent was distilled off under vacuum and the residue was 
dissolved in 10 ml of anhydrous tetrahydrofuran (peroxide-free), followed by refluxing for 1.5 hours. The 
residue left after distilling off the solvent under vacuum was subjected to column chromatography using 
Sephadex LH-20 (Pharmacia Fine Chemicals) and eiuted with a 65:35 mixed solvent of chloroform and 
nexane. The desired fractions were collected and the solvent was distilled off under vacuum to obtain 16 3 
mg of the end compound. 

UV spectrum Aggf 1 (nm): 265 

Mass spectrum (m/e): 329 ((vT) 

Example 4 

Preparation of 3P-hydroxy-9,1 0-seco-5 f 7,10(1 9)-pregnatrien-20-one 

Three hundred milligrams of the 3P-hydroxy-5,7-pregnadien-20-one obtained in Example 1a) was 
dissolved in 400 ml of ethanol of guaranteed quality. While being bubbled through with an argon gas, the 
ice-cooled solution was exposed to radiation from a 400 W high-pressure mercury lamp through a Pyrex 
glass filter for 60 minutes. After the irradiation, the solvent was distilled off under vacuum and the residue 
was dissolved in 10 ml of anhydrous tetrahydrofuran (peroxide-free), followed by refluxing for 1 hour. The 
residue left after distilling off the solvent under vacuum was subjected to silica gel column chromatography 
and eiuted with chloroform containing 5% acetone. The desired fractions were collected and the solvent 
was distiffed off under vacuum to obtain 30 mg of 3p-hydroxy-9,10-seco-5,7,10<19)-pregnatrien-20-one 

UV spectrum X|ff x H (nm): 263 



Example 5 

Preparation of 20-hydroxyimino-9,10-seco-5,7,10(19)-pregnatrien-3P-ol 

Thirty milligrams of the Sp-hydroxy-^IO-seco-S^IOdgj-pregnatrien^O-one obtained in Example 4 
was dissolved in 5 ml of pyridine, and after addition of 10.4 mg of hydroxyiamine hydrochloride the 
solution was stirred for 5 hours at room temperature. The pyridine was distilled off under vacuum and the 
residue was dissolved in chloroform. The chloroform layer was washed with water and dried, followed by 
the distilling off of the solvent The residue was subjected to column chromatography using Sephadex LH- 
20 and eiuted with a 65:35 mixture of chloroform and nexane. The desired fractions were collected and the 
solvent was distilled off under vacuum to obtain 25 mg of the oxime compound. The physical data of this 
compound were in agreement with that of the product synthesized in Example 3. 

Example 6 

a) Preparation of 65-methoxy-3,5-cyclo-9,10-seco-7,10(19)-pregnadien-20-one 

The 3p-hydroxy-9,10-seco-5,7,10(19}-pregnatrien-20-one (968 mg) obtained in Example 4 was 
dissolved in 10 ml of pyridine, and to the ice-cooled solution, 882.7 mg of p-toluenesulfonyl chloride was 
added, and the mixture was left to stand for 36 hours at 5°C. The reaction mixture was poured into a cold 
aqueous solution of sodium bicarbonate, followed by extraction with ether. The ether layer was washed 
with water and dried. The solvent was distilled off under vacuum to obtain 1.03 g of 3-tosylate as an oil. 

The 3-tosylate was dissolved in 100 ml of methanol, and after adding 5 g of sodium bicarbonate, the 
solution was refluxed for 6 hours. The residue left after distilling off the solvent under vacuum was 
subjected to extraction with ether. The ether layer was washed with water and dried. The residue left after 
distilling off the solvent under vacuum was subjected to silica gel column chromatography und eiuted with 
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chloroform, giving 292.4 mg of the desired 3,5-cyclo compound as an oil. 

NMR spectrum 5 (CDCI 3 ): 0.49 (3H, s), 2.09 (3H, s), 3.22 (3H, s) # 4.05 (1 H, d, J = 10Hz), 4.70— 5.20. (3H, m) 

b) Preparation of 1a,3P-dihydroxy-9,10-seco-5 f 7,10(19)-pregnatrien-20-one 

To 50 ml of dichloromethane, 0.5 ml of t-butyl hydroperoxide {70% aq. sol.) was added, and by vacuum 
distillation on a bath at 40°C. the volume of the solution was reduced to about 20 ml. Another 50-ml of 
dichloromethane was added to the residue and the resulting solution was treated likewise. To the resultant 
solution in dichloromethane, 56 mg of selenium dioxide was added and the mixture was stirred for 30 
minutes at room temperature. To the solution was added a solution in 10 ml of dichloromethane of 292.4 
mg of 65-methoxy-3,5<;yclo-9,10-seco-7,10(19)-pregnadien-20-one obtained in a). The mixture was stirred 
for 30 minutes at room temperature. To the mixture, 5 ml of an aqeous solution of 10% sodium hydroxide 
was added and the mixture was stirred for 30 minutes at room temperature. After adding ether,' the mixture 
was washed with water, then with an aqueous solution of 5% sodium sulfite. The organic layer was dried 
and the solvent was distilled off under vacuum. The residue was subjected to silica gel column 
chromatography and eluted with chloroform containing 10% acetone. 

The first fraction to be obtained as an eluate containing a 1-oxo compound, which was purified to 64.1 
mg of the 1-oxo compound as an oil. 

NMR 6(CDCI 3 ): 0.45 (3H, s), 2.09 (3H, s), 3.25 (3H, s), 3.99 (1H, d, J=9Hz), 4.98 <1H, d, J=9Hz), 5.49, 5.91 
(each 1H, s) 

The second fraction contained the desired 1a-OH compound, or 1a-hydroxy-6J;-methoxy-3,5-cyclo- 
9,10-seco-7,l0(19)-pregnadien-20-ane, which was purified to 60.5 mg of the 1a-OH compound as an oil 

NMR 6(CDCJ 3 ): 0.49 (3H, s, 18-C// 3 ), 2.09 (3H, s, 21-Ctf 3 ), 3.22 (3H, s, — OC// 3 ), 3.9S-4.35 (1H, m, 1 — H), 
4.11 (1H, d, J=9Hz, 6— H), 4.99 (1H d, J=9Hz, 7— H), 4.99^-5.35 (2H, m, 19— H) 

The 1a-OH compound (60.5 mg) was dissolved in 1.5 ml of pyridine, and after addition of 0.5 ml of 
acetic anhydride, the solution was stirred at 55— 60°C for 2 hours. The cooled solution was poured into a 
cold aqueous solution of sodium bicarbonate, and the mixture was subjected to extraction with ether. The 
ether layer was washed with water and dried. By distilling off the solvent, 65 mg of 1a-acetoxy compound 
was obtained as an oil. 

NMR 5(CDCI 3 ): 0.50 (3H, s), 2.05 (3H, s), 2.10 (3H, s), 3.22 (3H f s), 4.06 (1H, d, J=9Hz), 4.88—5.40 {3H, m) 

The 1a-acetoxy compound (65 mg) obtained above was dissolved in 3 ml of dioxane, and after 
successive addition of water (1 ml) and p-toluenesulfonic acid (10 mg), the solution was stirred for 1 hour at 
room temperature. After addition of an aqueous solution of sodium bicarbonate, the mixture was subjected 
to extraction with ether. The ether layer was washed with water and dried. The residue left after distilling 
off the solvent was subjected to silica gel column chromatography and eluted with a 3:7 mixed solvent of 
ethyi acetate and hexane. The desired fractions were collected, concentrated and dissolved in 3 ml of 
ethanpl. After addition of 1 ml of an aqueous solution of 10% sodium hydroxide, the mixture was stirred 
overnight at room temperature. The solvent was distilled off under vacuum and the residue was subjected 
to extraction with ether. The ether layer was washed with water and dried. The residue left after distilling 
off the solvent was subjected to column chromatography using Sephadex LH-20 and eluted with 65:35 
mixed solvent of chloroform and hexane, giving 24.9 mg of the desired 1a-OH compound. 

UV spectrum Agg* (nm): 265, 210 

Mass spectrum (m/e): 330 (M + ) 

Example 7 

Preparation of 20-hydroxyimino-9,10-seco-5,7,10(19)-pregnatriene-1a,33-diol 

A portion (11.95 mg) of the 1a,33-dihydroxy-9,10-seco-5,7,10{19)-pregnatrien-20-one obtained in 
Example 6 was dissolved in 1 ml of pyridine, and after addition of 50 mg of hydroxylamine hydrochloride, 
the solution was stirred at room temperature for 3 hours. The solvent was distilled off under vacuum and 
the residue was subjected to extraction with ether. The organic layer was washed with water and dried, 
followed by the distilling off of the solvent. The residue was subjected to silica gel chromatography and 
eluted with chloroform containing 20% acetone. The desired fractions were collected and the solvent was 
distilled off under vacuum, giving 9.72 mg of the desired oxime compound as an oil. 

UV spectrum (nm): 266, 208 

Mass spectrum (m/e): 345 (M + ) 

Example 8 

a) Preparation of 20-(2,3-epoxypropyloxyimino)-3p-{2-tetrahydropyranyloxy)-5 / 7-pregnadiene 

A portion (862.5 mg) of the 20-hydroxyimino-3P-(2-tetrahydropyranyloxy)-5,7-pregnadiene obtained in 
Example 2a) was dissolved in 10 ml of dry dimethylformamide, and after addition of 150 mg of sodium 
hydride (60% in oil), the solution was stirred for 30 minutes at room temperature. To the solution, 429.9 mg 
of epibromohydrin was added and the mixture was stirred for 1.5 hours on an oil bath at 80°C. After 
cooling, ether was added to the mixture, and the organic layer was washed with water and dried. The 
residual oil obtained by distilling off the solvent was subjected to silica gel column chromatography and 
eluted with chloroform. The desired fractions were collected and the solvent was distilled off to obtain 
727.1 mg of the 2,3-epoxypropyl compound. 
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NMR 6(CDCi 3 ): 0.59 (3H, s), 0.92 (3H, s>, 1.83 (3H, s), 2.50-^.40 (10H, m), 4.68 (1H, b.s.), 5.42 (2H, q, 
J=6Hz) 

b) Preparation of 20-{2-^-hydroxy-3-{methylamino)propyloxyimino}-5 / 7-pregnadien-3P-ol 

5 A portion (465.6 mg) of the 20-{2,3-epoxypropyloxyimino-3p-(2-tetrahydropyranyloxy)-5,7- 

pregnadiene obtained in a) was dissolved in 5 ml of ethanol, and after addition of 1 ml of an aqueous 
solution of 40% methylamine, the solution was stirred for 5 hours at room temperature. Ether was added to 
the solution and the ether layer was washed with water and dried. The residue left after distilling off the 
solvent was dissolved in 20 ml of methanol, and after addition of 0.5 g of p-toluenesulfonic acid, the 

io mixture was stirred for 2 hours at room temperature. After addition of an aqueous solution of 5% sodium 
bicarbonate, the mixture was subjected to extraction with chloroform. The chloroform layer was washed 
with water and dried. The residue left after distilling off the solvent under vacuum was subjected to silica 
gel column chromatography and eluted with chloroform containing 30% methanol. The desired fractions 
were collected and the solvent was distilled off to obtain 212.6 mg (54.4%) of the compound as a pale 

15 yellow solid crystal. 

NMR 6(CDCI 3 ): 0.57 (3H, s), 0.94 (3H, s), 1.82 (3H,-s) 2.29 <3H, s), 2.94 (2H, t), 3.17—3.77 {3H, m), 
3.87—4.47 {3H, m), 5.45 (2H, q, J=6Hz) 

c) Preparation of 20-{2-5-hydroxy-3-(methylamino)propyloxy!minO}-9 r 10-seco-5,7,10(19)-pregnatrien-3(3-ol 
20 A portion (106.3 mg) of the 20-{2-5-hydroxy-3-(methylamino)propyloxyimino}-5,7-pregnadien-3P-oI 

obtained in b) was dissolved in 400 ml of ethanol of guaranteed quality. While being bubbled through with 
an argon gas, the ice-cooled solution was exposed to radiation from a 200 W high-pressure mercury lamp 
for 18 minutes. After distilling off the solvent under vacuum, the residue was dissolved in anhydrous 
tetrahydrofuran (peroxide-free) and the solution was refluxed for thermal isomerization. The residue left 
25 after distilling off the solvent was subjected to column chromatography using Sephadex LH-20 and eluted 
with a 65:35 mixed solvent of chloroform and hexane. The desired fractions were collected and the solvent 
was distilled off to give 14.5 mg of the vitamin D derivative as an oil. 
UV spectrum A^f x H (nm); 265, 207 
Mass spectrum (m/e): 416~(M+) 

3D 

Example 9 

Preparation of 20a-(3-methylbutyIoxy)-9,10-seco-5,7,10(19)-pregnatriene-1a # 3p-diol 

a) In 600 ml of pyridine, 9.13 g of la-hydroxydehydroepiandrosterone was suspended. Under an argon 
stream, 100 ml of triethylamine and 39.0 g of triethyl chlorosiiane were added to the suspension, and the 

35 mixture was stirred for 24 hours at room temperature. After adding 500 ml of water, the solvent was 
distilled off under vacuum. The residue was subjected to extraction with benzene. The benzene layer was 
successively washed with an aqueous solution of 0.5 N HCI, water, saturated sodium hydrogencarbonate 
and a saturated aqueous solution of sodium chloride, and dried over magnesium sulfate. The residue 
obtained by distilling off the solvent under vacuum was subjected to silica gel column chromatography and 

40 eluted with chloroform, whereby 9.64 g of 1a,3p-bis(triethylsilyloxy)-5-androsten-17-one was obtained as a 
pale yellow crystal. Part of the compound was recrystallized from methanol to give colorless needles 
having a melting point of 99 — 100°C. 
lRv max (cm' 1 ): 1740, 1080 
NMR 6: 0.3—1.2 (36H, m), 1.3—2.5 (17H, br) 

45 Mass spectrum (m/e): 400 (M + -HOSiEt 3 ) 

b) In 2 ml of dimethyl sulfoxide was suspended 113 mg of 60% sodium hydride, and under a nitrogen 
stream, the suspension was stirred for 40 minutes at 80 — 85°C. To the water-cooled suspension, a solution 
in dimethyl sulfoxide (4 ml) of ethyl triphenyl phosphonium bromide (1.04 g) was added, and the mixture 
was stirred for 5 minutes at the same temperature. To the mixture, a solution in dimethyl sulfoxide (10 ml) 

so and tetrahydrofuran (3 ml) of the ketone compound (294 mg) obtained in a) was added, and the resultant 
mixture was stirred for 3.5 hours at 6fJ — 65°C. After addition of 20 ml of water, the mixture was subjected to 
extraction with ether. The ether layer was successively washed with water and saturated aqueous sodium 
chloride. After drying over magnesium sulfate, the solvent was distilled off under vacuum and the residue 
was subjected to column chromatography using activated alumina of 300 mesh eluting with hexane to 

55 provide a crude product of 1a,3p-bis(triethylsilyloxy)-5,17(20)-pregnadiene as a colorless oil. The crude 
product was purified by preparative TLC using silica gel (twice operated with 5:1 mixture of petroleum 
ether and hexane), whereby 210 mg of colorless needles were obtained. Part of this crystal was 
recrystallized from methanol to produce colorless needles having a melting point of 81 — 82°C. 
IR spectrum v max (cm -1 ): 1080 

60 NMR spectrum 5: 0.3—1.2 (36H, m), 1.3—2.5 (17H, br), 1.65 (3H, d, J=7Hz), 3.7—4.2 (2H, br), 5.0—5.2 

(TH, br), 5.3— 5.5 (1H r br) 

Mass spectrum (m/e): 412 (M + -HOSiEt 3 ) 

c) The ethylidene compound (1.07 g) obtained in b) was dissolv d in 10 ml of tetrahydrofuran. To the 
solution, 10 ml of 9-BBN (0.5 M tetrahydrofuran solution) was added under a nitrogen stream, and the 

65 
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mixture was stirred for 3.5 hours at room temperature. After addition of 2 ml of a 3 M aqueous sodium 
hydroxide solution, the mixture was ice-cooled. Two ml of an aqueous solution of 35% hydrogen peroxide 
was added to the mixture while the temperature of the reaction was held below 45°C, and the mixture was 
stirred for 1 hour at room temperature. Ether (20 ml) was added to the reaction mixture and the ether layer 
was successively washed with water and saturated aqueous sodium chloride. After drying over 
magnesium sulfate, the solvent was distilled off under vacuum and the resulting residue was purified by 
silica gel column chromatography (elution with a 20:1 mixture of benzene and ethyl acetate). Two products 
were obtained: 1a,30-bis(triethylsiiyloxy)-5-pregnen-2Op-ol (m.p. ca. 80 6 C, colorless solid, 30 mg) and 
1a,33-bis(triethylsilyloxy)-5-pregnen-20a-ol (m.p. 146 — 146.5°C, colorless grain, 0.87 g). 

(20a-form) 

IR spectrum v majt (cm -1 ): 3520, 1080 

NMR spectrum 6: 0.3—1.1 (36H, m), 1.22 <3H, d, J=6Hz), 1.40 (1H, s), 3:5—4.2 (3H, br), 5.3—5.5 (1H, br) 
Mass spectrum (m/e): 430 (M + -HOSiEt 3 ), 298 

(20p-form) 

IR spectrum v max (cm' 1 ); 3350, 1080 

NMR spectrum 6: 0.3—1.1, (36H, m), 1.13 (3H, d, J=6Hz), 1.40 (1H, s), 3.5—4.2 (3H, br), 5.3—5.5 (1H, br) 
Mass spectrum (m/e): 430 (M + -HOSiEt 3 ), 298 

d) To a suspension of 1 26 mg (3.1 5 mmol) of 60% sodium hydride in 7 ml of xylene, a solution in xylene 
(10) ml) of 20a-form (443 mg) obtained in c) was added under an argon stream, and the mixture was 
refluxedfor 2 hours. After cooling, a solution in xylene (10 ml) of isoamyl bromide (713 mg) was added and 
the mixture was refluxed for 21 hours. Water (20 ml) was added and the mixture was subjected to 
extraction with ether. The ether layer was successively washed with water and saturated aqueous sodium 
chloride. After drying over magnesium sulfate, the solvent was distilled off under vacuum and the resulting 
residue was purified by silica gel preparative TLC (solvent: a 1 :1 mixture of benzene and hexane) to provide 
284 mg of 1a,33-bis(triethylsilyioxy)-20a-(3-methylbutyloxy)-5-pregnene as a pale yellow powder having a 
melting point of 78 — 82°C. 

IR spectrum v max (cm -1 ): 1090 

NMR spectrum 5: 0.3—1.1 (42H, m), 1.13 (3H, d, J=6Hz), 3.30 (2H, t, J=6Hz), 3.5—4.0 (3H, br), 5.3—5.6 
(1H, br) 

Mass spectrum (m/e); 500 (M + -HOSiEt 3 ), 368 

e) To a solution in dimethoxyethane (16 ml) of the ether compound (318 mg) obtained in d), a mixture 
of methanol (16 ml) and 1N HCI aqueous solution was added, followed by stirring for 1.75 hours at room 
temperature. The mixture was diluted with 40 ml of a saturated aqueous solution of sodium chloride and 
subjected to extraction with ethyl acetate. After drying over magnesium sulfate, the solvent was distilled off 
under vacuum and the residue was purified by preparative silica gel TLC (solvent: a 10:1 mixture of 
chloroform and ethanoi) to obtain 152 mg of 20a-(3-methylbutyloxy)-5-pregnene-1a,3|3-diol as a colorless 
powder having a melting point of 121 — 124°C. 

IR spectrum v maj( (cm -1 ): 3375 

NMR spectrum 5: 0.66 (3H, s), 0.87 (6H, d, J=6Hz), 1.00 (3H, s), 1.13 (3H, d, J=6Hz), 1.2— 2.6(23H, br), 
3.2—4.1 (3H, br), 3.27 (2H, t, J=6Hz), 5.4—5.6 (1H, br) 
Mass spectrum (m/e): 404 (M + ), 386 

f) A portion (149 mg) of the diol compound obtained in e) was dissolved in 10 ml of pyridine and 5 ml of 
acetic anhydride, and the resulting solution was stirred for 37 hours at room temperature. After adding 20 
ml of water, the solution was subjected to extraction with benzene. The benzene layer was successively 
washed with 10% aqueous HCI solution, water, a saturated aqueous solution of sodium 
hydrogencarbonate and saturated aqueous sodium chloride. After drying over magnesium sulfate, the 
solvent was distilled off under vacuum, and the resulting residue was purified by preparative silica gel TLC 
(solvent: a 10:1 mixture of benzene and ethyl acetate) to obtain 143 mg of 1a,30-diacetoxy-2Oa-(3- 
methylbutyloxy)-5-pregnene as a colorless oil. 

IR spectrum v max (cm" 1 ): 1735, 1240 

NMR spectrum 6: 0.66 (3H, s), 0.90 (6H, d, J=6Hz), 1.08 (3H, s), 1.13 (3H, d, J=6Hz), 1.2—2.6 (21 H, br), 
2.00 (3H, s), 2.05 (3H, s), 3.1—3.8 (1H, br), 3.27 (2H, t, J=6Hz), 4.6—5.2 (2H, br), 5.4^-5.6 (1H, br) 
Mass spectrum (m/e): 368 (M + -2xCH 3 COOH), 71 

g) To a solution in hexane (7 ml) of the diacetate compound (140 mg) obtained in f), 96 mg of sodium 
hydrogencarbonate and 66 mg of N-bromosuccinimide were added, and the mixture was refluxed for 1 
hour. After dilution with 30 ml of ethyl acetate, the organic layer was successively washed with an aqueous 
solution of 4% sodium thipsulfate, water and saturated aqueous sodium chloride. After drying over 
magnesium sulfate, the solvent was distilled off under vacuum. The resulting residue was dissolved in 7 ml 
of xylene, and after addition of y-collidine (0.2 ml), the solution was refluxed for 1 hour. After dilution with 
20 ml of benzene, the organic layer was successively washed with water, 10% aqueous HCI solution, water, 
an aqueous solution of saturated sodium hydrogencarbonate and saturated aqueous sodium chloride. 
After drying over magnesium sulfate, the solvent was distilled off under vacuum. The residue was 
dissolved in 7 ml of methylene chloride. To the solution, a solution in methylene chloride (2 ml) of 4-phenyl- 
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1,2,4-triazoline-3,5-dione (50 mg) was added, and the mixture was stirred for 1 hour at room temperature. 
The residue left after distilling off the solvent under vacuum was purified by preparative silica gel TLC 
(solvent: a 2:1 mixture of benzene and ethyl acetate) to obtain 104 mg of pale yellow semi-solid form of 
Dfels-Alder adduct of 1a,3B-diacetoxy-20a-(3-methylbutyloxy)-5,7-pregnadiene and 4-phenyl-1 2 4- 
triazoline-3,5-dione (m.p. 102 — lOyC). 

IR spectrum v^ (cm - '): 1740, 1690, 1240 
n „„ ~ M . R fP ectrum 5: °- 84 OH, s), 0.89 (6H, d, J=6Hz), 1.06 (3H, s), 1.13 (3H, d, J=6Hz), 1 2—2 8 (17H br) 
3f !m 7 ^'Si f- 0-3 - 7 <3H ' m,< 5 -°- 5 - 2 <1H ' br) ' 5 6 - 6 -° (1H ' m >' 6 2i d ' j=8H 2 ,: 6.45 n'H d,' 



J=8Hz), 7.2—7.6 (5H, m) 
' Mass spectrum (m/e): 426 (M*-235), 7T 



h) Lithium aluminium hydride (97 mg) was suspended in 3 ml of tetrahydrofuran. To the ice-cooled 
suspension, a solution in tetrahydrofuran (7 ml) of the Diels-Alder adduct (100 mg) obtained in a) was 
temotZr! r Th ^ stream ' and mixture was stirre d for 0.5 hour as it was warmed to room 
^uZTT 5 ?" re WaS then refluxed for 1 hour and *»«"Wnad with a 10% aqueous solution of 

fait w a /™l e iu Ur l der T'P ^ th iCe " ThS miXtUre W8S subjected to taction withlther and the ethe 
w, W3 "H^ e s slve| y washed w.th water and saturated aqueous sodium chloride. The aqueous layer was 
SpS? e . a t0 e ^ aCti 2" With u methvlene chlo "de and the extract was combined with the pre^y 
f.ther layer. After drying the combined organic layer over magnesium sulfate, the solvent was 
mfw f f under vacuum. The resulting residue was purified by preparative silica gel TLC (solvent* a I*" 

n£ZV ° h ° r ?« f u d ^ than0l) t0 obtain 28 m 9 of a colorless amorphous 20a-(3-methyibSxy)-^ i£ 
pregnadiene-1a,3B-diol having a melting point of about 105°C yiuuiyioxy; •>,/ 

IR spectrum v ma , (cm -1 ): 3350 

3 39 mmVTE/T S^i^' °: 89 {6K d ' J=6HZ) ' °- 94 (3H ' s, < 1 - 17 < 3H - d - J=6Hz). 1-2-2.8 (20H, br) 
3.39 (2H, t, J=6Hz), 3.5-4.2 (3H, m), 5.34 (1 H, d, J=6Hz), 5.69 (1 H, d, J=6Hz) 

Mass spectrum (m/e): 402 (M*), 71 

UV spectrum A„,„ (nm): 293, 282, 271 
va/kt.1 t P ° n t "l a) of the P rovitar n'n D derivative obtained in h) was dissolved in 400 ml of ethanol 
9 bUbb ', ed th, ; ou 9A With argon 9as ' the solution was irradiated under a 200 W hiqh- 

dSedTn Tm. S ^ li* minutes - Tl ? e residue «** Stilling off thesolvent under vVcuum was 
dissolved in 10 ml of tetrahydrofuran and the solution was refluxed for 1 hour. The solvent was distilled off 

LH 20 E^vSE tharasU ' tin9 reS ! dUe WflS purified by co,umn chromatography us ing 10?° ShadS 

Mass spectrum (m/e): 402 (M + ), 71 

UV spectrum A max (nm): 262 r A mln (nm): 227 

[a]* 5 : +27.0° (C = 0.27, ethanol) 

Example 10 

Preparation of 20a-{3.methyibutyloxy)-9,10-seco-5 f 7,10(19)-pregnatrien-33-ol 

a) The starting material, 3p-(tert-butyldimethylsilyloxy)-20a-{3-methylbutyloxy)-5-pregnene (1.12 a) 
was obtained 5 P ' B *' Wher6bV ° M 9 ° f 3 P- aceto ^- 20a -(3-™^ 

IR spectrum ^ (cm -1 ): 1730, 1250 

n« mT/S r c Um u 1 u f 5 Jo H ' S) ' ^ (6H ' d ' J=6H2} ' 1 ' 01 (3H ' s) ' 1 - 14 (3H ' d ' J=6Hz >< 2 - 00 OH, s), 3.0-3.7 
\6H t m/, 4.3 — 4.8 (1H, br), 5.2 — 5.4 (1H, br) 

Mass spectrum (m/e): 370 (M + -CH 3 COOH), 71 

b) A portion (431 mg) of the acetate compound obtained in a) was dissolved in 15 ml of hexane To the 
solution, 277 mg of sodium hydrogencarbonate and 1.2 mmol of N-bromosuccinimide were added and the 
mixture was refluxed for 2 hours. After cooling, the mixture was diluted with 20 ml of ethyl acetate, and the 
organic layer was successively washed with an aqueous solution of 3% sodium thiosuifate, water and 
saturated aqueous sodium chloride. After drying over magnesium sulfate, the solvent was distilled off 
under vacuum and the resulting residue was dissolved in 15 ml of xylene. After addition of y-coilidine (0 5 
ml), the solution was refiuxed for 2 hours. The solution was then diluted with benzene (20 ml) and the 
organic layer was successively washed with water and saturated aqueous sodium chloride. After drying 
over magnesium sulfate, the solvent was distilled off under vacuum and the resulting residue was purified 
by silica gel column chromatography (eiution by a 25:1 mixed solvent of benzene and ethyl acetate) to 
obtain 51 mg of a colorless form of 33-acetoxy-20a-(3-methylbutyloxy)-5,7-pregnadiene. 

, 8 P** mm 5 ; °- 60 OH, s), 0.89 (6H, d, J=6Hz), 0.99 (3H, s), 1.17 (3H, d, J=6Hz), 1.2-2.6 (20H, br), 

1.99 (3H, s), 3.0—3.8 (3H, m), 4.4—4.9 (1 H, br), 5.2—5.7 (1H, br) 
Mass spectrum (m/e): 428 (M + ), 71 

c) The 5,7-diene compound (51 mg) obtained in b), lithium aluminum hydride (30 mg) and 
tetrahydrofuran (7 ml) were treated as in Example 9h) to obtain 41 mg of 20a-(3-methylbutvIoxv)-5 7- 
pregnadien-3p-ol. ' 

IR spectrum A max (cm" 1 ): 3230 

NMR spectrum 5: 0.60 (3H, s), 0.88 (6H, d, J=6Hz), 0.91 (3H, s), 1.17 (3H, d, J=6Hz), 1.2—2.6 (21H, br) 
3.1—3.9 (4H, m), 5.2—5.7 (2H, m) ' 
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Mass spectrum (m/e): 386 (M + ), 71 
UV spectrum k max (nm): 292, 281, 270 



wv op^uum fx max mm/; tm, ^tn, z/0 

wJ^LT'?'" D derivative (41.4 mg) obtained inc). ethanol (400 ml) and tetrahydrofuran (15 ml) 
were treated as m Example 9l ) to obtain 6.1 mg of 20a-<3-m e thylbutyloxy)-9,10-seco-57,10™ 



Mass spectrum (m/e): 386 (M + ), 71 
UV spectrum \ m „ (nm): 261, A m , n (nm): 226 



o d . Example 11 

Preparation of 1a ; 3p ( 21-trihydroxy-9,l0-seoo-5,7,10(l9)- preg natrien-20-one 

-78-c Tn t°h P ^ PY a H (1 °- 93 9) wa , s dissolved in tetrahydrofuran (80 ml) and the solution was cooled to 
174ne(6 37o)wa^ 

and w tho rof V ^ Pe " 0d ° f 30 m,nutes - Wni| e the temperature was held at between -65°C 
subiJct^o thrll 1°" T. ,xture . w . as stirr ^ for 3 hours, which was then immediately poured mto water and 

extraction wfth?^ ^1 mKt «"» w « immediately poured into aqueous sodium chloride After 

to ■^\o'S^£^ l i ) 2 0 X^ « b> n aS f diSS ?' V ? d 30 ml of hexane and the s ° luti °" was cooled 
butyWimethylsilyloxy)-20-methoxy-5,7,17(20)-pregnatrien-21-ol. 9 1a <3P-b>s(tert- 

(1H SSVj-S XSi'h rtE Pf' S i«M 14 i 3H ' S) ' °- 61 (3H ' S) ' °- 89 (21H < S >' 2 - 58 < 1H ' J =8-5Hz), 2.83 
un,aist.t,j-8.6Hz),3.26(1H,dist,t,J=4.6Hz,disappearswthD,0),3.75(1H bs) 394— 4 16I2H m ™*Wt 
them disappears with D 2 0), 4.21 (2H. bs), 5.36 (1H,dt, J=5.7 anc film. 5 *2 ! <1H IddJ -2 7 arid 2 6Hz) 

artriitt^TT^ 70 m9) 0btained in d) was diss ° lved «n 2 ml o ^dimethylformamU angrier 
addition of -midazole (560 mg) and tert-butyldimethylsilyl chloride (500 mg), the solutioVwTs stirred After 

S^tmSSSSL 9 ^hT^* W3S fUrther Stirred for 30 mlnu^ThTSSi was 
f r^l lh of hexane and washed three times with aqueous sodium chloride. After back extraction 

aft e Tdi S H a S S ,h ayer ; the ° rganiC '-f- yerS W6re c ° mbi ™ d ^d dried over sodium sulfate. The resTdue eft 
after d.stUlmg off the solvent was purified by silica gel column chromatography (elution with chloroform to 
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0bta MiJp 9 m9 .° f 1 °^A 21 " t > ris(tert - but y |dimeth y |8i| y'0'<y)-5,7-pregn a dien-20-on e 

4.17 (1H, d, J=17.7Hz) 4.21 <1H d £5 > 7H 2 ) 5 34 <1H * i ^f^&V ( ™' bS> ' 3 - 91 -«-1« OH. m), 

chloroform) to obtain a mixture of the^K mSfl «S » > U ™ c „ nr ° mat °9 ra Phy (elution with 
treated with 600 pi tatmiomSSt^J^TSp^^^ 1 T"" R derivatlVe - 7,16 ™*ture was 
reaction mixture on an ice-bath Tc oTiodS.m h„2 J ^ ml ° f metnano ' for 8 hours. With cooling the 
at room temperature^^ 

-.I^ISKT^Si nr?mM98n 5 H 2 7j 68 1 S?'.^^,""' «"* * J =™* <2H, bs>, 
6.34 (1H, d, J=10.8Hz) '' U J=1 - 7Hz '« 533 "H, t, J=1.7Hz), 6.05 (1H ( d, J=10.8Hz), 

UV spectrum {EtOH): \ max = 262 nm 

Exam^TJaVdiTs^ obtained in 

borohydride was added. ^J^^SS^Sr fJminuS o-r * Utto - n *° °° C ' 10 mg ° f sodium 
^ temperature and further stirred for 1 hour Afff SStfo Jrf !Sf?S I the u m,xture was war ™d to room 
the residue was subjected to DTO»nS£ TT? fltl°? !ly° M ' °[ water - the s °'vent was distilled off and 
crude ^0^co^.7^ W ^^S^a^M^^^ met h a nol-chloroform), whereby 1.7 mg of 
purified on a flash column (elution w£h JStff^fiZZ^Z^^ CrUde product was fu *"er 

NMR spectrum 5(CDCy : 0.65 (3H s ) 2 32 M H dd 1 ^£22 P? dUCt ,n a " amount of 1 - 55 m 9- 

30 2.85 (1H. dd. J=11.4 and 2.8 Hz) 3 32-3 48 MH mi , « 1 4™ 6 - 3 . Hz) ' 259 (1H ' dd ' J = 12 ' 5 and 3-4Hz), 
m). 4.99 (1H, t, J=T.4Hz) 5 32 MH t J-flilV'« mJ"^ 3 ? 6 (2H ' m> ' 4-1«-«-30 (1H, m), 4.37-^.48 (1H 

UV spectrum (EtOH): £ = 2'^ ^ h d ' J=1 1 ' 2Hz >' 6 " 36 <™. d, J=i LZHz) 48 

Preparation of 1a,3pj7^1-tetrahydroxy-9j0-se £ co a -5 n 7%( 3 9). D re a n a tri ( »n ?n o„= 

raised to 5°C over a periodV 3 hour^^ ^ SO ' Ution was 0«wliially. 

was stirred vigorously. The coolinn hath wil' Z ° f ^ od,um h Vdrogencarbonate, the solution 

The reaction mixture was subi^' ' "S^^™*™**™ was furt "*' stirred for 15 minutes, 
subjected to preparative TLC (solvent 30% ethvl andtb f h fi,,ra,e , wa s concentrated. The residue was 

b °^Srn^ ^ ^ ° f 1a ' 3P - biS(t6rt - 

dd. J=;20.5 and 5.1Hz), 4.68 <1H, dd, J=20 5 and 5 1Hz) 1 37 MH* 1 k^' b "2', 3 f^7 4w14 (1H ' m) ' 436 (1H - 
b) The compound (204 mg) obtained I J . »» £t i ' ? ' ^ =5 7 and 23Hz) ' 5 58 < 1 H - d ' J=5.7Hz) 

tetrah y drofuran(12ml)Jnd aft^rad^ofim (8 ml > a " d 

mg). the mixture was stirred for X^^^^S^SL^. ^-^'"^hylsilyl ch | oride (500 
300 ml of hexane and the solution X wllJS Zh^u!^^J? react.on mixture was dissolved in 
extraction from the aqueous layer wi^hexane the^omanir 1^0 chlor.de three times. After back ' 

sulfate. The residue left after distilUnn i . ° r9an,c la y ers were combined and dried over sodium 

(elutiorr with Vot Sfif acefateSan% to ^ gel column chromatographv 

hydroxy-5.7-pregnadien-20-one 9 1a ' 3 P' 21 - tr,s ' te rt-butyldimethylsilyloxy)-17- 
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Th!! 0 roi n ? addl '^ n ° f sodiu, T. h ydrogencarbonate (5 g), the mixture was vigorously stirred for 15 minutes 
The reaction mixture was subjected to filtration and the solvent was distilled off. The residue was subSSd 
T£Zr:™^Zf 15% methan °'- chl0 '° fo ->< 57.3 mg of the desiKr^^sSg 

(solvent- a ?5»/ mp^n^ 0 ^* 3 '"'? 9 d f ired Vitemin D Privative were subjected to preparative TLC 

n . Example 14 

Preparation of 9.1O-seco-5,7.1O(19)-pregnatriene-1a,30,17,2O0,21-pentaol 

a) A portion (100 mg) of 1a,33-bis(tert-butyldimethylsilyloxy)-17,21-dihydroxv-5 7-Dreanadien 20 «n» 

Son of^r^ 6 1 h 3) W k S d, " S . SO J V ^ d " 8 m ' ° f is °P^o?and so'uSon^^coo.ld to c£c %™ 
»hhLh IhM 9 , ° f . sod,um borohydr.de. the solution was vigorously stirred for 1 hour. Water (0 1 ml) was 
added and the solution was stirred for 30 minutes. Following addition of ethyl acetate (200 ml) the S 

ZaaTctvt?^ """T* l*"*™* SOdiUm Ch,0ride - After back extracti °" "layer the 

^?« « W6re comb, P ed and dri ed over sodium sulfate. The residue left after distilling off the sol'venl 

— «— • •» - ■». -ksssst 

Preparation of 9,10-seco-5/7J0(19).pregnatri^ 
Preparation of 9J0-seco-57,10(19).pregnatrieneO a aT3p, e 20a-triol 

NMR jpicoimWCOOj): 0.55 (3H. .|. 1.23 (3H, d, J-G.6Hz>. 2.33 (1H, dd. J-13.1 md 6 0H.I 2 S1 MH 
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Example 17 

Preparation of 20a-(3-hydroxy-3-methylbutyloxy)-9,10.seco-5,7,10(19)-pregnatriene-1a,3B-diol 

• J^lf nundr ? d ^"ligrams of the 1a^B-bis(tert-butyldimethylsilyloxy)-5,7-pregnadien-20a-ol 
« ■S n ^m^Z^„?«^ 8 | , S W,V f d . ,n 10 m ' ° f Xy,ene ' and ^^ddition of sodium hydride (500 mg 
thf C nN 7 P r y* n f£? a) '£ e S °' Ution was refluked for 18 hours - Then - w ater (200 ul) was added and 
i,L S , 0 J Ut, t 0 ? W8 rl St,rr ! d - The Sol !. ds c ontent was removed bv silica 9 el column chromatography (eluted wi"h 
ethy acetate) The solvent was distilled off and the residue was subjected to preparative TLC (solvent- 4% 
ethy acetate-hexane) to obtain 200 mg of a mixture containing 20a - (3 - butenyloxy) - a 30 - bis( ert - 
butyl^methylsilyloxy)-5,7- P regnadiene. This mixture was directly d?ssol°7d In 20 ml of 

S*T' d !' ^° W6d ^ 8ddition of water <0 ' 5 ml »- After addition of cuprous chloride (29 ma and 
pallad.um dichlonde (17 mg). the solution was vigorously agitated for 19 hours in an oxygen atmosphere 
The metal salts were removed by Florisif® column chromatography (solvent: 1:1 miSof eC acetate 
and hexane). The eluate was diluted with 300 ml of a 1:1 mixture of ethyl acetate and hexfne anTthe 

ttTJSSXr. £ Pa ^^£^ " - - ^-ethSylo^ 

0 BS^^B^H 1 ^? 1 ^ 0 ? fi'u 0 -°f ,3H ' S »' °-° 7 (3H ' S) ' 010 < 3H < s »' °- 58 < 3H < »). 0-88 (18H, .). 
20 ? iLTo ^,,u * , J = 5 Z Hz ' 218 (3H ' s '' 2-28-2.38 (2H, m), 2.56-2.68 (2H, m), 2.68^-2.84 1H m 

■ b) T h f ^P 00 ™* (73 mg) obtained in a) was dissolved in 4 ml of tetrahydrofuran and the solution ««,.= 

soTutfo?wafs^dtri °„ f " "IP* ° f T 3 S0,Uti ° n ° f meth * b5SK?3K.TS 

25 in ri» ™«? « , *2 ♦ h ° Ur ™ th ,ce - cool,n 9- The reaction mixture was poured into aqueous sodium 
t^S!^^^ 0 extractJ ° n with 200 ml ° f ethyl acetate. The extract was washed wUh aqueouS 
we™ ^mhinoH a " d th * COmfamed aqueous lavers were objected to back extraction. The oWsnte Iran 
to prepS S? TLC (solvem- m Th<S S ? Ve0t W3S dist '" ed off and the resid "* SET"" ected 

1 21 13H TT C ?%\-£°V 3H ' * h , 0 07 (6H ' S) ' °" 1 1 < 3H ^ . 0 61 <3H s). O ak (18H, a). 0.90 (3H s) 

35 K„hhLw fh 0rt, °1 (4 l!r 9) ° f the com P° und obtained in b) was dissolved in 400 ml of ethanol. While beina 
fnr S« 9 r ,h ar \ ar9 ° n ? aS ' SO,Ution was i"*diated with a 200 W high-pressure mw^mo 
Z^nZTnt^l Te 2 Ct '°? U llXtUre Was direct,v refluxed for 2 under nitrogen The 

J d ° ff !" d , the . residue w « passed through a flash column (solvwr^ettSSSteS 

Son conSnc ^n?^^^ 0n fT tainin ? Vitamin D derivative as the mai » component and 30 mg o a 
nSS ^" s,stm 9 Pradom.na.ntiy of the starting material. The latter fraction was dissolved in ethanof(400 
ml) and l.kewise subjected to irradiation and passed through a flash column wherebv 16 ma of^frarrinn 

2^ ■SSS'** 6 ' 6 . m » " '"^ ■ mwoxw -200-13 -hydroxy - 3 - m«Mbwlow) - 9T0 ^ 

UV spectrum (EtOH): A max = 263 nm 
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Claims for the Contracting States: BE CH DE FR GB IT LI NL SE 

1. A vitamin D derivative of the formula I; 

R- 




(I) 





HO ' H0 - 
2. A derivative according to Claim 1 which is represented by the formula: 



HO-'' 




sr s; *<sZs an *izTe r formu,a N - 0Rs (where r * * the - i 
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3. A derivative according to Claim 1 which 
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is represented by the formula: 



75 




» 4 A a H d °" b ' e b ° nd When X " is ^ oSgen a Cm and R tlhi" 9 ' 6 bond r, hen X " is * hydroxy! gro"?,' 
4. A der.vat.ve according to Claim l^hichtTepreintVd ^ 1 " 
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or 4 which is represented by the formula: 
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said Sroclss %£S^X£5f «* «- . adding to Cairn , 

expos.ng to ultraviolet radiation a provitamin D derivative of the formula: 
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R- 




15 



™ r L r f 8 torn or a hydroxyl-protecting group such as a tri-loweralkylsilyl group or an acyl 
group, Ri and R, are each a hydrogen atom or a hydroxy! group optionally protected by a group such as a 
tri-loweralkylsHyl group or an acyl group; and R 2 and X are as defined in claim V 9 " P 8 

form S u1a! eCtm9 irradlated derivative to thermal isomerization so as to form a vitamin D derivative of the 
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Ro •** 




35 



40 



45 



where R, R/, R 2 R 3 ' and X are each the same as defined above- 
and optionally eliminating the hydroxyl-protecting group. 

7. A process for producing a derivativ e ..according to Claim 6 which is represented by the formula: 




50 



HO 

Wh9 n e o^'3 ? *? ? ach , the S ! m ? 38 defined in Claim 6 ' sa?d P rocess comprising the steps of- 
performing solvolysis of a cyclovitamin D compound of the formula: 
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where X' is the same as X except that it may be acylated at OH position, R 2 " and R 3 " are each the same as 
defined above; Z is lower alky! group; and Y is an acyl group so as to form a compound of the formula: 



75 




20 



25 



35 



45 



where X' Y, R 2 and R 3 are each the same as defined above, and 
nydrolyzing said compound under said basic conditions 

agent*. A V ' t3min ° ° f the f ° rmU,a 1 accordin 9 to an * ° f ^Ims 1 to 5 for use as a pharmaceutical 

Claims for the Contracting State AT: 

1. A process for producing a vitamin D derivative of the formula I 



(I) 




55 



60 



HO 




HO 




65 



said process comprising the steps of: 

exposing to ultraviolet radiation a provitamin D derivative of the formula: 
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15 



SSuo- R^nS IR 7 ^rwcyl-protectiriB group such as a tri-loweralkylsilyl group or an acyl 

fornSS ° M *™" Mn ™ ,h " m " l«»™*«o» «> « » <°™ » vlfmln D derivMiv, of tt» 



25 



30 




^Zrt'^V 3 ' r n ^ X . are each the same as de fined above; 
and optionally el.m.nating the hydroxyl-protecting group. 

2. A process accord.ng to Calm 1 wherein the derivative' obtained is represented by the formula: 



40 



45 



HO* 




so srs; Lndt r b " sss aTd^rcraS r formuia n -° r * (where r * - « — ■■ ■* 

3. A process according to Claim 1 wherein the derivative obtained is represented by the formula: 
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65 



HO* 
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process according to Claim 1 wherein the derivative obtained is represented by the formula: 



15 



20 




HO 

where R„ R 2 , R 3 and R s are each the same as defined in Claim 1. 

5. A process according to Claim 1 or 4 wherein the derivative obtained is represented by the formula: 
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30 



35 




HO 

where R v R 2 and R 3 are each the same as defined in Claim 1 

6. A process for producing a derivative according to Claim 1 which is represented by the formula: 



45 



50 



55 




HO 

where R 2 , R 3 and X are each the same as defined in Claim 1, said process comprising the stens of- 
perform.ng solvolysis of a cyclovitamin D compound of the formulal COmpnSms the steps of " 
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where X' is the same as X except that it may be acylated at OH position; R 2 " and R 3 " are each the same as 
defined above; Z is a lower alkyl group; and Y is an acyl group, so as to form a compound of the formula: 



20 



25 





where X', Y, R 2 and R 3 are each the same as defined above, and 
hydrolyzing said compound under basic conditions. 
35 7. Use of a vitamin D derivative of the formula I obtained according to any of claims 1 to 6 for the 

preparation of a pharmaceutical agent 

Patentanspruche fur die Vertragsstaaten: BE CH DE FR GB IT LI WL SE 

40 1. Vitamin D-Derivat der Formel I 



45 




50 



55 



65 



Ho- 




rn 



in der R lf R 2 und R 3 , die gleich.oder verschieden sein konnen, jeweils ein Wasserstoffatom oder eine 
Hydroxylgruppe bedeuten; X ein Sauerstoffatom, einen Rest der Formel 0R 4 (wobei R 4 entweder ein 
Wasserstoffatom oder einen Niederalkylrest mit 4 bis 6 Kohlenstoffatomen darstellt der gegebenenfalls 
durch eine Hydroxylgruppe substituiert sein kann), oder einen Rest der Formel N — OR 5 (wobei R s entweder 
ein Wasserstoffatom oder einen Niederalkylkrest mit 1 bis 5 Kohlenstoffatomen bedeutet, der gege- 
benenfalls durch eine Hydroxylgruppe, eine Aminogruppe oder einen Niederalkylaminorest mit 1 bis 3 
Kohlenstoffatomen substituiert sein kann), bedeutet, mit der MaBgabe, daB das Kohlenstoffatom in 20- 
Stellung an X durch eine Einfachblndung gebunden ist, wenn X den Rest der Formel OR 4 darstellt, und 
durch eine Doppelbindung in den anderen Fallen, it Ausnahme der Verbindungen der Formein 
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O OH 



HO 




HO 




2. Derivat nach Anspruch 1 der Formel 
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25 



HO- 




3. Oenvat nach Anspruch 1 der Forme! 
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in der H u R 2 , R 3 und R s wie in Anspruch 1 definiert sind. 
5. Derivat nach Anspruch 1 oder 4 der Formel 



15 




in der R 1( R 2 und R 3 jeweils wie in Anspruch 1 definiert sind 
20 Stufenr^^ 6 " HerSte,,Un9 eines Vitamin ^-Derivatives der Formel I nach Anspruch 1, umfassend die 
Bestrahlung eines Provitamin D-Derivates der Forme! 




Forn!?r miSChe ,SOmeriSieru "9 des bestrahlten Derivatives zu'r Eraeugung eines Vitamin D-Derivatives des 



40 



45 



50 



55 




in der R, R/, R 2 , R 3 ' und X jeweils wie vorstehend definiert sind- 
und gegebenenfalls Abspaltung der Hydroxy i-Schutzgruppe.' 
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7. Verfahren zur Herstellung eines Derivatives nach Anspruch 6 der Forme! 




20 



in der R 2 , und X jeweils wie in Anspruch 6 defmiert sind, umfassend die Stufen: 
Uurchfuhrung einer Solvolyse einer Cyclovitamin D-Verbindung der Forme! 



25 




40 



kann • R " fnri R ' < ? T 9 * *u hBt m,t der Ausnah ™> daB es in der OH-Stellung acyliert sein 
Sarst'el^un^ y^T ' d » ^hend angegebenen Bedeutungen haben; Z einen NiederaTkylrest 
darstellt, und Y emen Acyirest bedeutet, zur Erzeugung einer Verbindung der Formel 



50 



55 




d u T' R 2 und w R 3 jeweils die vorstehend angegebene Bedeutung haben, und 
Hydrolyse der Verbindung unter basischen Bedingungen. 

8. Vitamin D-Derivat der Formel I nach einem der Anspruche 1 bis 5 zur Verwendung als Arzneimittel. 
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PatentansprQche fur den Vertragsstaat: AT 

1. Verfahren zur Herstellung eines Vitamin D-Derivatives der Formel I 

5 



10 



15 




(I) 



20 in der R v R 2 und R 3 , die gleich oder verschieden sein konnen, jeweils ein Wasserstoffatom Oder eine 
Hydroxylgruppe bedeuten; X ein Sauerstoffatom, einen Rest der Formel OR 4 (wobei R 4 entweder ein 
Wasserstoffatom oder einen Niederalkyirest mit 4 bis 6 Kohlenstoffatomen darstellt, der gegebenenfafls 
durch eine Hydroxylgruppe substitaiert sein kann), oder einen Rest der Formel N — OR 5 (wobei R B entweder 
ein Wasserstoffatom der einen Niederalkylkrest mit 1 bis 5 Kohlenstoffatomen bedeutet, der gege- 

25 benenfalls durch eine Hydroxylgruppe, eine Aminogruppe oder einen Niederalkylaminorest mit 1 bis 3 
Kohlenstoffatomen substituiert sein kann), bedeutet, mit der MaBgabe, dafc das Kohlenstoffatom in 20- 
Stellung an X durch eine Einfachbindung gebunden ist, wenn X den Rest der Formel OR 4 darstellt und 
durch eine Doppelbindung in den anderen Fallen, it Ausnahme der Verbindungen der Formeln 




umfassend die Stufen: 
45 Bestrahlung eines Provitamin D-Derivatives der Formel 




in der R ein Wasserstoffatom oder eine Hydroxyl-Schutzgruppe, wie eine Tri-niederalkylsilylgruppe oder 
eine Acylrest bedeutet; und R 3 ' jeweils ein Wassterstoffatom oder eine Hydroxylgruppe darstellen, die 
gegebenenfalls durch einen Rest, wie eineTri-niederalkylsilylgruppe oder einen Acylrest geschutzt ist; und 
60 R 2 und X wie in Anspruch 1 definiert sind, mit UV-Strahlung; 

Thermische Isomerisierung des bestrahlten Derivatives zur Erzeugung eines Vitamin D-Derivatives der 
Formel 



65 
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in der R, R/, R 2 , R 3 ' und x jeweits wie vorstehend definiert sind; 
und gegebenenfalls Abspaltung der Hydroxyl-Schutzgruppe. 
2. Verfahren nach Anspruch 1, wobei das erhaltene Derivat die Forme! aufweist 




in der X' entweder ein Sauerstoffatom oder einen Rest der Formel N — OR 5 (in der R 5 wie in Anspruch 1 
definiert ist) bedeutet; und R, wie in Anspruch 1 definiert ist. 

3. Verfahren nach Anspruch 1, wobei das erhaltene Derivat die Formel aufweist 




in der mindestens einerder Reste R 2 und R 3 eine Hydroxyigruppe ist; X" entweder ein Sauerstoffatom oder 
eine Hydroxyigruppe bedeutet, mit der MaBgabe, daB das Kohlenstoffatom in 20-Steilung an X" durch 
eine Einfachbindung gebunden ist, wenn X" eine Hydroxyigruppe ist, und durch eine Doppelbindung, 
wenn X" ein Sauerstoffatom bedeutet; und R t wie in Anspruch 1 definiert ist. 
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4. Verfahren nach Anspruch 1, wobei das erhaltene Derivat die Formel aufwetst 




HO 

in der H u R 2 , R 3 und R 5 wie in Anspruch 1 definiert sind. 

5. Verfahren nach Anspruch 1 oder 4, wobei das erhaltene Derivat die Formel aufweist 




in der R„ R 2 , R 3 jeweils wie in Anspruch 1 definiert sind. 

6. Verfahren zur Herstellung eines Derivatives nach Anspruch 1 der Formel 




HO 

in der R 2 , R 3 und X jeweils wie in Anspruch 1 definiert sind, umfassend die Stufen- 
Durchfuhrung emer Solvolyse einer Cyclovitamin D-Verbindung der Formel 
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in der X' die gleiche Bedeutung wie X hat, mit der Ausnahme, daS es in der OH-Stellung acyliert sein kann- 
.mH v" d Ra i eW f ,IS d '^ vorstehend angegebenen Bedeutungen haben; 2 einen NiederaS res ™Mh- 
und Y einen Acylrest bedeutet, zur Erzeugung einer Verbindung der Forme! ^V^est darstellt, 



to 




in der X', Y, R 2 und R 3 jeweils die vorstehend angegebene Bedeutung haben, und 
Hydrolyse der Verbindung unter basischen Bedingungen. 

HmiESff^^Sf D - DeriVatiVeS der Formel «• erha,te " «* -"em d B r Anspruch 1 bis 6 Z ur 

Revendications pour les Etats Contractants: BE CH DE FR GB IT U NL SE 

1. Derive de ia vitamine D repondant a la formule I 

R. 



(I) 




dans laqueiie R„ R 2 et R Sf qui peuvent etre semblables ou differents, represented chacun un atome 
d hydrogene ou un groupe hydroxyle; X est un atome d'oxygene, le groupe de formule 0R 4 (dans laqueiie 
R 4 est son un atome d hydrogene, soit un groupe alkyle inferieur ayant 4 a 6 atomes de carbone pouvant ou 
non etre substitue par un groupe hyxoxyle), ou le groupe de formule N — OR s (dans laqueiie R 5 est soit un 
atome d hydrogene, soit un groupe alkyle Inferieur ayant 1 a 5 atomes de carbone pouvant ou non etre 
substitue par un groupe hydroxyle, un groupe amino ou un groupe alkylamino inferieur ayant 1 a 3 atomes 
de carbone), sous reserve que I'atome de carbone de la position 20 soit He a X par une simple liaison 
lorsque X est le groupe de formule OR 4 , et par une double liaison dans les autres cas, a I'exceotion des 
composes de formules 



60 



HO 




HO* 
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2. Derive selon ia revendication 1 represente par la formule: 




HO 

dans laquelle X' est soit un atome d'oxygene, soft un groups de formule N — 0R 5 (dans laquelle R s est 
comme defini dans la revendication 1); et R, est comme defini dans la revendication 1. 
3. Derive selon la revendication 1 qui est represents par la formule: 




dans laquelle au moins un des groupes R 2 et R 3 est un groupe hydroxyle; X" est soit un atome d'oxygene, 
soit un groupe hydroxyle, sous reserve que I'atome de carbone de la position 20 soit lie a X" par une 
simple liaison lorsque X" est un groupe hydroxyle, et par une double liaison lorsque X" est un atome 
d'oxygene; et R n est comme defini dans la revendication 1. 

4. Derive selon la revendication 1 represente par la formule: 




HO 

dans laquelle R v R z , R 3 et R 5 sont chacun comme defini dans la revendication 1. 
5. Derive selon la revendication 1 ou 4 represente par la formule: 




45 



EP 0 184 112 B1 

dans laquelle R v R 2 et R 3 sont chacun comme defini dans fa revendication 1 

6 Precede pour produire un de>ive de vitamine D de formule I seion (a revendication 1 
leciit procede comprenant les stades consistant a: 

exposer a un rayonnement ultraviolet un derive provitamine D de formule: 




15 



frff^i 8 ^-. 11 ? R 6St Un at ° me d ' h Y dro 9 en e ou un groupe hydroxylprotecteur, tel qu'un qrouoe trMalkvl 
^S^^n^^ aCYle; R/ 6t V S ° m Ch3CUn ^ atome d'hydroge'ne ou" un grouWrffl 

X^?^ h^ B Par . Un 9r ° Upe tel q "' Un 9raupe tri{a,k y | ^ferieur)sHyle ou un groupe acyie^et R It 
X sont comme defini dans la revendication V y»"u P e acyie, et n 2 et 

form'uir^ 6 ^ MM * M * 3 Une isom6risation thermique pour former un derive de vitamine D de 



2B 



30 




Ro- 

^"ptS^' *** 3 '. et X SOnt chacun comm * defini ci-dessus; 
et facultat.vement el.miner le groupe hydroxyl-protecteur. 

7. Procede pour produire un derive selon la revendication 6 qui est represents par la formule- 



40 




55 



HO OH 

SU'SSStt ^ X S ° nt Ch3CUn C ° mme ^ danS ,a indication 6, lequel procede comorend les 
effectuer une soivolyse d'un compose cyclovitamine D de formule: 
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R- 



70 



t5 




dans laquelle X' est comme X, si ce n'est qu'il peut etre acyle sur la position OH; R 2 " et R 3 " sont chacun 
comme defini ci-dessus; 2 est un groupe alkyle inferieur et Y est un groupe acyle, pour former un compose 
de formuie: 



25 




HO'*"^^ OY 

dans laquelle X' f Y, R 2 et R 3 sont chacun co/nme defini ci-dessus; et 
hydrolyser ledit compose en conditions basiques. 

8. Derive de vitamine D de formuie I selon Tune queiconque des revendications 1 a 5 destine a etre 
utilise comme agent pharmaceutique. 

Revendications pour I'Etat Contractant: AT 

1. Proc6de de preparation d r un derive de la vitamine D repondant a la formuie I: 



45 




(I) 



55 




dans laquelle R t , R 2 et R 3 , qui peuvent etre semblables ou differents, representent chacun un atome 
d'hydrogene ou un groupe hydroxyle; X est un atome d'oxygene, le groupe de formuie OR 4 (dans laquelle 
R 4 est soit un atome d'hydrogene, soit un groupe alkyle inferieur ayant 4 a 6 atomes de carbone pouvant ou 

so non etre substitue par un groupe hydroxyle), ou le groupe de formuie N — OR 5 (dans laquelle R 5 est soit un 
atome d'hydrogene, soit un groupe alkyle inferieur ayant 1 a 5 atomes de carbone pouvant ou non etre 
substitue par un groupe hydroxyle, un groupe amino ou un groupe alkylamino inferieur ayant 1 a 3 atomes 
de carbone), sous reserve que I'atome de carbone de la position 20 soit lie a X par une simple liaison 
lorsque X est le groupe de formuie OR4, et par une double liaison dans les autres cas, a ('exception des 

55 composes de formules 
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0 \^ OH 
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ledit precede comprenant les stades consistant a: 

exposer a un rayonnement ultraviolet un derive provitamine D de formule: 



20 



25 
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fnf4riifS? U " at ° me d n V dr °9 ene ou un groupe hydroxyl-protecteur, tel qu'un groupe trl-(alkvl 
Y e ? U un .9^ 0U P e ac V |e '- Ri' * V sontchacun un atome d'hydrogene ou un groupe ?hvdrX 

? S onf rrm2Tr * - 9 t Par V" 9r ° Upe tel qU ' Un grou P e tri(alk * «n»rteurWlyle ou Sn g"oupe a^K et R?it 

A sont comme definie dans la revendication 1 * *^yie, ei n 2 ex 

formic™"' 6 16 d6 " V6 irr8di6 * U " e isomeri * ati °" thermique pour former un derive de vitamine D de 
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Ro- 



dans iequelle R, R,', R a , R 3 ' et X sont chacun comme dSfini ci-dessus; 
et facultativement eliminer le groupe hydroxyl-protecteur. 

2. Procede selon la revendication 1 dans lequel le derive obtenu est represents par la formule I: 




65 



HO" 

^ S j! q w U A f - e . X L 6St f° iX Un atome d ' ox V9ene, soit un groupe de formule N-OR 5 (dans laquelie R 5 est 
comme definie dans fa revendication 1); et est comme defini dani la revendication 1. 
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3. Procede selon la revendication 1 dans lequel fe derive obtenu est represents par ia formule: 




dans laquelle au moins un des groupes R 2 et R 3 est un groupe hydroxyle; X" est sort un atome d'oxygene, 
spit un groupe hydroxyle, sous reserve que I'atome de carbone de la position 20 soit lie a X" par une 
simple liaison lorsque X" est un groupe hydroxyle, et par une double liaison lorsque X" est un atome 
d'oxygene; et R-, est comme defini dans la revendication 1. 

4. Procede selon la revendication 1 dans lequel ie derive obtenu est repr<§sente par la formule; 




HO 

dans laquelle R 1f R 2 , R 3 et R 5 sont chacun comme defini dans la revendication 1. 

5. Procede selon la revendication 1 ou 4 dans leque! Ie derive obtenu est represente par la formule: 




dans laquelle R v R 2 et R 3 sont chacun comme dSfini dans la revendication 1. 

6. Procede pour produire un derive tel que defini a ia revendication 1 qui est represente par la formule: 



HO 
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dans laquelle R 2 , R 3 et X sont chacun comme defini dans la revendication 1, iequel procede comprend les 
stades consistant a: 

effecteur une solvolyse d'un compose cyclovitamme D de formule: 




dans laquelle X' est comme X, si ce n'est qu r il peut etre acyle sur la position OH; R2" et R 3 " sont chacun 
comme defini ci-dessus; 2 est un groupe alkyle interieur et Y est un groupe acyle, pour former un compose 
de formule: 




dans laquelle X', Y, R 2 et R 3 sont chacun comme defini ci-dessus; et 
hydrolyser ledit compose en conditions basiques. 

7. Utilisation d'un derive de vitamine D de formule I obtenu selon I'une quelconque des revendications 
1 a 6 pour la preparation d'un agent pharmaceutique. 
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